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Summary

A technique was developed which resulted in consistent and efficient oral

infection of mosquitoes with non-adapted dengue-2 viruses.

Studies were then conducted to compare the efficiency of oral infection, mode

of development, and transmission potential of the dengue-2 S-I candidate vaccine

virus and the parent PR-159 virus in Aedes aegypti and Aedes albopictus mosquitoes.

Both virus strains were capable of oral infection of the vector species. However,

only 20% (18/90) of Ae. albopictus mosquitoes engorging the S-i vaccine became

infected while 57% (43/76) of those engorging the PR-159 strain became infected.

This differential occurred even though the S-I vaccine bloodmeal (6.3

logl0TCID5 0 /ml) titered almost 2 logs higher than the PR-159 bloodmeal (4.5

logjOTCID0/ml). The same phenomenon was observed with Ae. aegypti; 40% (19/48)

became infected with the S-I vaccine, while 63% (15/24) became infected with a

lower titered PR-159 blood meal preparation.

The S-i vaccine developed more slowly in vectors than the parent PR-159
strain. Dengue-2 virus antigen was detected by immunofluorescence after 11-14 days
extrinsic incubation in 35% (14/40) and 3% (1/40) of mosquitoes engorging the

parent and vaccine strains respectively. After 15-22 days extrinsic incubation

antigen was detected in 81% (29/36) of the mosquitoes that engorged the parent

strain and only in 34% (17/50) of those infected with the vaccine strain. Again,

the titer of the S-i vaccine preparation was substantially higher than the parent
PR-159 virus.

Both viruses were orally transmitted by infected Ae. albopictus. Seventy-

nine percent (15/19) of those mosquitoes infected with the PR-159 strain

transmitted, while 56% (9/16) transmitted the S-1 strain.

In order to determine reversion potential, the S-1 vaccine was sequentially

passed in Ae. aegypti, Ae. albopictus, and Toxorhynchites amboinensis mosquitoes.
The vaccine was also passed alternately in mosquitoes and mamalian cell cultures.

These materials are currently being analyzed at WRAIR for possible S-i vaccine

reversion to virulence.
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I. Statement of the problem

The purpose of this research project is to determine if dengue parental and
candidate vaccine viruses differ in their respective Ahilities to infect, to

replirate in, and to be transmitted by Ae. aegypti and Ae. albopictus mosquitoes.
Attenuated candidate vaccines and parental strains of dengue-l, dengue-2, and
dengue-4 viruses will be compared in their vector-virus interactions.

The second, and related, objective of this research project is to determine if
attenuated vaccine strains revert to virulence after mosquito passage. Should a
live dengue vaccine be capable of infecting and subsequently be transmitted by
mosquitoes to a new vertebrate and should the vaccine revert to virulence as a
consequence of mosquito passage, then a natural infection cycle could be initiated.

The rationale for this project is that the temperature sensitive (ts) vaccine
strains of the dengue viruses which are attenuated for man will also be modified in
one or more parameters of vector-virus interactions. The hypotheses are 1) the
vaccine strains will be less capable than parental strains of vector infection, 2)

vaccine strains will differ from parent strains in their mode of development, 3)
the vaccine strains will be less efficiently transmitted than parent strains, and
4) that the small plaque ts mutant virus populations will remain stable upon

passage in vector mosquitoes.

II. Background

Dengue is of great tactical significance to the military because large numbers
of troops can become incapacitated in a short period of time. Attenuated dengue
vaccines have been developed at WRAIR.

The dengue-2 S-i vaccine and PR-159 parent strains are the subject of this
project report. The S-i vaccine was derived from the serum of patient PR-159 of
Puerto Rico (Eckels et al., 1976). The virus was passaged 6 times in Lederle
certified African green monkey kidney cells. Passage 6 is designated the parent
strain and S-1 represents the progeny of a small plaque derived from the parent
strain. The S-i clone is ts, titers 340 times higher in LLC-MK2 cells than in mice.
does not produce viremia in rhesus monkeys, produces barely detectable viremia in
chimps and in man. Only I of 150 Ae. aegypti mosquitoes fed on volunteers became
infected, but it did not transmit the virus after 21 days extrinsic incubation.

Ideally a vaccine should not produce viremia, but if it does, it is reasonable
to expect that the vaccine strain will infect mosquitoes poorly and will be
inefficiently transmitted. This was demonstrated with the 17D yellow fever vaccine
(Roubaud et al., 1937; Whitman, 1939), French neurotropic yellow fever vaccinp
(Davis et al., 1932; Roubaud and Stefanopoulo, 1913; Ppltier pt al., 1939), mouse-
adanted dengue type 1 (Sabin, 1948), and African green monkey kidney-adapted
dengue type 2 (Pri ce, 1973). Sabin (1948) showed that attenuated dengue,
passed through mosquitoes, did not revert to pathogenicity for man.

Thus, even if the vaccine did develop sufficient viremia to infect vectors,
there would be little liklehood that the virus would be transmitted and that it
wolId revert to virulence.

-7-
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III. Approach

The working hypothesis was made that the ts candidate vaccine viruses and the
parental wild-type viruses would behave differently in vector mosquitoes. To test
this hypothesis the efficiency of oral infection of each parental and vaccine
candidate strain was to be determined in dose response studies. Sequential tO-fold

-* dilutions of the virus preparations were to be used to infect groups of a minimum
of 10 sibling mosquitoes per dilution. Such studies would also provide information
about the optimal infective dose for the transmission and pathogenesis studies;
doses much greater than the threshold could obscure differences in infectivity
between the vaccine and parental viruses.

Mosquitoes for studies to determine infection rates, extrinsic incubation
periods, and rates of oral transmission were to be infected via engorgement on
known titer blood-virus mixtures. In the event of low infection rates, several
animal models were to be investigated.

Vector-virus interactions were to be further investigated using
imunofluorescent techniques to localize antigen in situ in organ dissections and
cryostat sections of infected mosquitoes. The sites of restriction of replication
(if restriction exists) of the vaccine strains would be defined by the comparative
IF studies of antigen development in organs of mosquitoes.

The combination of transmission and comparative pathognesis studies and the
determination of dose-response curves should be adequate to reveal differences in
vector-virus interactions between parental and vaccine viruses. In order to
implement the proposed research it was necessary to develop a technique which would
permit efficient oral infection of mosquitoes by parent and vaccine viruses.

Vector competence studies and especially dose-response studies are greatly
facilitated by the use of artificial bloodmeals. Unlike a viremic host, a known
titer of virus can be presented to the mosquitoes and sequential dilutions of virus
can be prepared for dose-response studies. Unfortunately, it is necessary to
prepare blood virus mixtures with extremely high titers in order to obtain the same
mosquito infection rate as would be obtained if the mosquitoes fed on a host with a
much lower titered viremia. This is indicative that an unnatural infection route
is being utilized by the virus which may not be pertinent to field circumstances.
Studies were conducted with other types of blood meal preparations and viremic
hosts to find a more satisfactory infection mechanism. The isolation of dengue and

-~ yellow fever virus from leukocytes (Wheelock and Edelman, 1969; Halstead et al.,
1977; Marchette and Halstead, 1978) suggested that one or more of the white cells
may function to promote mosquito midgut infectinn.

IV. Methods and Materials

A. Viruses:

Stock viruses for both the parental and S-1 vaccine strains of dengue-
2 virus were prepared in LLC-MK2 cells. The original infecteA human serum (PR-
15Q) was the source of the parental virus. The experimental vaccine virus (Lot
#4, Jan. 1976, WRAIR) was the seed for the vaccine storks. To prepare the
tissue culture stock pools, monolayers of LLC-MK2 cells were inoculated with the
respective seed
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virus. On day 6 post inoculation, fluids were harvested, centrifuged, and the
supernatant was aliquoted and frozen.

B. Mosquitoes:

Two colonized strains of Ae. aegypti and 2 colonized strains of Ae.
albopictus were used in these studies.

Ae. aegypti - Santo Domingo
New Orleans

Ae. albopictus - Jakarta
Oahu

The mosquitoes were maintained at 270C, 65-75% RH in screened pt ice
cream cartons and provided with 10% sucrose.

C. Conjugate:

The anti-dengue-2 conjugate was prepared by hyperimmunization of mice
(Brandt et al., 1967). Immunoglobulins were precipitated from the ascitic
fluids with (NH4 )2SO4 and conjugated with fluorescein isothiocyanate (Spendlove,
1966; Hebert et al., 1972). Conjugated antibodies were purified by Sephadex G-
50 column chromatography. The conjugate titered 1:32 and was used at 1:16.

D. Virus Assay:

Titrations - Serial 10-fold dilutions of infectious bloodmeals were
inoculated into 8 well Lab-Tek slides seeded with BHK-21 cells. Four days post-
inoculation the slides were examined for viral antigen by IF.

Antigen detection - IF was used to localize viral antigen in sitit in organ
dissections and cryostat sections of mosquitoes (Beaty and Thompson, 1976, 1978)
and in head and abdominal squash preparations (Kuberski and Rosen, 1977).

Oral transmission - Transmission experiments werp carried out hy the
technique of Beaty and Aitken (1979) in which mosquito saliva was collected in
capillary tubes containing a measured amount of diluent. The saliva was then
assayed in either Ae. triseriatus males or in Ae. aepti by intrathoracic
inoculation.

E. Oral Infection of Mosquitoes

Considerable effort wAS devorel to ievelopment of an effective technique
for oral infection of mosquitoes with low passage or vaccine strains of dengue
(see page II). After much experimentation, the following protocol was
developed.

Parental and vaccine viruses were each inoculated into flasks of LLC-MK 2 or
Ae. albopictus C6/36 cells. Seven to 10 days pont-inoculation cells were
detached from the flasks with rubber policemen, and the cell fluid suspensions
were centrifuged at 500xg for 10 minutes. The cell pellet was resuspended in I
ml of the remaining fluid, and comb1.inP with I ml of washed human red blood
cells and -9- 0.5 ml



of 10% sucrose in heat-inactivated calf serum. Drops of this artificial bloodmeal

were placed on the screening of cages holding mosquitoes. Engorged mosquitoes were
removed and maintained. All mosquitoes were held at 270C and 65-75% RH for 14-24
days.

F. In vitro Assay for oral transmission of dengue viruses:

This laborious technique was necessitated by the lack of a small laboratory
animal model susceptible to the low passage PR-159 virus and the attenuated S-i
virus.

After 14-24 days extrinsic incubation, mosquitoes were starved overnight
prior to the transmission attempt. Capillaries were charged with 0.0075 ml of a
10% FCS-3% sucrose - 10 mM ATP solution. Mosquitoes were cold anesthetized,
wings and the anterior 4 legs were removed, and the proboscis was inserted into
the capillary. Mosquitoes were allowed to engorge for t hour before they were
removed, and heads and abdomens were severed and squashed on slides. The smears
were stained with the anti-dengue conjugate and examined for the presence of
viral antigen using a Leitz-Wetzlar microscope with an HBO Osram 200W mercury
vapor bulb and a KP 490-K510 filter system. After engorgment the contents of
the meal were promptly inoculated intrathoracically into to recipient
mosquitoes. After 10-14 days incubation, recipient mosquitoes were processed by
the head squash IF procedure (Kuberski and Rosen, 1977).

V. Results

A. Replication of viruses after intrathoracic inoculation:

In order to determine the relative ability of the PR-159 and S-i strains to
replicate in the Ac. aelpyti and Ae. albopictus, mosquitoes were
intrathoracically inoculated with sequential dilutions of the respective stock
viruses. At 7 and 14 days incubation, mosquitoes were assayed for the presence
of viral antigen by IF. The series of dilutions did not reach an endpoint
(Table 1), but apparent differences in efficiency of replication were
demonstrated. For the Ae. aegypti infected with the PR-159 strain, viral
antigen was detected in 70% (32/46) of the mosquitoes examined after 7 days
extrinsic incubtion. However, only 30% (14/46) of those infected with the S-1
strain contained detectable antigen. At 14 days extrinsic incubation, virtually
all of the mosquitoes examined contained detectable viral antigen. Thus, the S-
I strain seemed to replicate more slowly in the vector than the PR-159 strain.
Studies of the growth curves of the respective viruses are currently being
conducted to determine if the differences in viral antigen accumulation
correlate with differences in quantities of infectious virus.

B. Replication of viruses after oral infection:

Studies were conducted to determine the efficiency of each virus to orally
infect Ae. aegypti and Ae. albopictus. Both virus strains were capable of oral
infection of the two vector species. Infection rates for As. aegypti were 63%
(15/24) and 40% (19/48) for the PR-159 and S-i strains respectively (Table 2).
Infection rates for As. albopictus were 38% (15/39) and 24% (10/42) for the
parent and vaccine strains respectively. In each , squito strain (Table 2), the
R-1 vaccine seemed less efficient ir estahbiF rnon" ef oral infection of
mosquitoes than the parent PR-159 dengud -"vris
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To investigate further this phenomenom, Ae. albopictus mosquiteei (Oahu) were
permitted to engorge a bloodmeal containing either the PR-159 or the S-i virus
strain. Mosquitoes from each group were processed approximately daily for 3 weeks
(Table 3). Heads and abdomens were severed and squashed on slides. The resultant
smears were examined by IF for the presence of viral antigen. This protocol
permitted a comparison of the PR-159 and S-i strain in their relative abilities to:
1) infect Ae. albopictus, 2) replicate to detectable levels, and 3) escape from
the midgut into the hemocoele and establish a disseminated infection. If antigen
was detected only in the abdominal squash, it was presumed to be restricted to
midgut tissues. If antigen was detected in the headsquash, the midgut infection
had occurred and virus had subsequently disseminated from the midgut.

By 14 days extrinsic incubation, 35% (14/40) of the mosquitoes engorging the
PR-159 virus contained detectable antigen in the midgut. In contrast, only 3% 0i
of 40) of those ingesting the S-i strain contained detectable antigen. After 15-22
days incubation, 81% (29/36) of the mosquitoes contained detectable PR-159
antigen, but only 34% (17/50) contained detectable quantities of the S-i strain.
Importantly, these differences in infectivity occurred even though the infectious
titer of the PR-159 parent strain was approximately two logs less than that of the
S-i vaccine virus (Table 3).

The PR-159 strain was also more efficient in establishing disseminated viral
infections. At 15-22 days extrinsic incubation, 69% (20/29) and 35% (6/17)
respectively of the PR-159 and S-i infected Ae. albopictus contained detectable
viral antigen in the headsquash (Table 3). Likewise, the PR-159 strain seemed to
replicate more efficiently than the S-1 strain. Viral antigen became detectable
earlier in both the head and abdominal squashes of those mosquitoes engorging the
PR-159 virus.

These data correlate well with the results obtained in the intrathoracic
infection studies. While both the PR-159 and S-i vaccine viruses are capable of
infecting Ae. albopictus and establishing disseminated infections, the vaccine is
notably less efficient. In addition the S-1 strain seems to replicate in mosquito
tissues at a _ch slower rate than the parent strnin.

C. Oral transmission studies:

Since both viruses were capable of establishing disseminated infections in
Ae. albopictus, studies were conducted to determine the transmission potential
of the two virus strains. Ae. albopictus mosquitoes were orally infected with
either the PR-159 or the S-1 vaccine strain as described previously. After 21-
24 days extrinsic incubation, mosquitoes were assayed for transmission ability
using the in vitro technique (see Methods). The numbers of mosquitoes that
became infected and transmitted are shown in Table 4. The parent strain was
again markedly more efficient in infection of Ae. albopictus. The titers of the
two virus preparations were equal (Table 4). This resulted in infection of 100%
(20/20) of the mosquitoes engorging the PR-159 strain, but only 55% (16/29) of
those engorging the S-I strain. The parent strain also seemed to be more
efficiently transmitted; 757 (15/20) transmitted thp parent compared to 56%
(0/16) that transmitted thp vaccine strain.

D. Pathogenesis studies:

-11-
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Preliminary studies were conducted to determine the mode of development of the
viruses in Ae. albopictus. IF technique was used to detect parent and vaccine
viral antigen in situ in organ systems and tissues of infected mosquitoes. In
initial studies only headsquash positive mosquitoes (either parent or vaccine)
were dissected. In both groups, viral antigen was detected in midguts, salivary
glands, and ventral nerve cords. Both viruses were widely distributed in tissues
of orally infected Ae. albopictus. This methodology will now be applied in
comparative pathogenesis studies of the two viruses and will hopefully permit
determination of the anatomic basis for the observed differences of the S-i vaccine
and PR-159 parent dengue-2 viruses in mosquitoes.

E. Vaccine reversion studies:

A major goal of this research is to determine if the S-i candidate vaccine
virus will revert to virulence as a consequence of mosquito passage. To
determine reversion potential, the S-i vaccine virus was sequentially passed 4
times in Ae. aegypti, Ae. albopictus, and Toxorhynchites amboinensis mosquitoes
by intrathoracic inoculation. The S-i virus was also alternately passed 3 times
in LLC-MK2 cells and Ae. aegypti mosquitoes to more closely approximate the
natural circumstances of arbovirus transmission. These materials have been
triturated, coded, and forwarded to Dr. Kenneth Eckels at the WRAIR for
examination for plaque size and temperature sensitivity. j
F. Development of techniques to efficiently orally infect vector mosquitoes:

During the previous granting period, considerable time and effort was
expended in developing an efficient technique to orally infect Ae. aegypti and
Ae. albopictus mosquitoes. High titered virus stocks were prepared in
mosquitoes, LLC-MK2 , J-ll and BHK-21 vertebrate cell lines and the C6/36 clone
of Igarashi's Ae. albopictus cell line. Frozen virus stocks were thawed and
mixed with 10% sucrose in either defibrinated blood or washed human red blood
cells. Even with these high titered virus-blood preparations, only a small
percentage of engorging mosquitoes became infected.

Brandt et al. (1980), Halstead and O'Rourke (1977) and others demonstrated
that very dilute homologous or more concentrated heterologous antibody complexes
with dengue virus in a non-neutralizing manner. This antibody apprently
provides the virus with a molecular ride into circulating leukocytes via the Fc
receptor. Although no one has demonstrated Fc receptors on mosquito
mesenteronal cells we postulated that, since virus in viremic human blood is
highly infectious to mosquitoes the presence of non-neutralizing dengue antibody
and leukocytes would enhance oral infection of mosquitoes (cell lines provided
by Dr. C.J.Peters, USAMRIID, Dr. Walter Brandt, and Dr. K. Eckles of WRAIR).
Bloodmeals were prepared with different concentrationA of homologous and
heterologous antibody and cells mixed with a thawed viris preparation grown in
LLC-MK2 cells. Again the results were not encouraging; few mosquitoes became

*infected.

We prepared a crude approximation of viremic human blood to use to infect
mosquitoes. Whole blood was drawn from one of us (with yellow fever antibodies)
and mixed with a minimal amount of heparin. This was added to a flask of C6/36
cells which had been previously (7 days) infected with PP-19Q0 virtus. A control
flask contained infected C6/36 cells only. Voir dnys l-r the cells (rbc's,

-12-
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leukocytes and C6/36 cells) were mechanically removed and fed to mosquitoes.
Washed rbc's were added to the control flask and fed to mosquitoes. After an
extrinsic incubation period of 14 days, the mosquitoes were examined for the
presence of viral antigen. Over 20% of the mosquitoes were infected, the highest
rate so far obtained. Subsequently the technique was modified to that described in
the Methods Section (page 4). Mosquito oral infection rates of up to 100% (Table
4) were achieved, depending upon the virus titer of the tissue culture preparation.
Several hypothesis could account for the success of the unfrozen virus meal
preparations: 1) freezing virus preparations might somehow alter glycoprotein
conformation rendering the virus less capable of interacting with midgut cell
receptors, 2) virus in cells might be protected from proteolytic enzymes or other
toxic substances, 3) cell or membrane associated virus might better interact with
midgut cells. A pilot study was conducted to test these hypothesis. Parent dengue
2 virus was used to infect C6/36 cells. After 7 days incubation, cells were
scraped from the flask and separated by centrifugation (800xg, 30 minutes). The
infected cells and supernatant were split into 2 lots, one was held at room
temperature while the other was frozen and thawed 3 times. These 4 preparations
were mixed with human red blood cells and 10% sucrose in serum and fed to Ae.
albopictus mosquitoes. Infection rates (Table 5) ranged from 100% for mosquitoes
ingesting unfrozen virus-infected cells to 72% for mosquitoes ingesting frozen
supernatant virus. These initial results are difficult to interpret: I) the
centrifugation regimen was inadequate to remove membrane associated virus from the
"cell-free" supernatant and 2) quick-freezing and thawing is probably not
analagous to long term storage of virus stocks at -700 C. Nonetheless, in each
comparison, the unfrozen virus preparation resulted in higher infection and
subsequent dissemination rates than the frozen virus preparations. To determine
the generality of this phenomenon, similar studies were conducted with La Crosse
(LAC) virus, family Bunyaviridae, and its vector, Ae. triseriatus. Mosquitoes were
fed meals of washed human rbc's, 10% sucrose in calf serum and 1) a frozen infected
mouse brain suspension, 2) infected cell culture supernatant, and 3) infected BHK-
21 cells. A fourth infectious source was viremic suckling mice. Virus titers
ranged from 5.5 to 6.8 logloTCIDs0/ml (Table 6). Engorged mosquitoes were examined
by IF for viral antigen 14 days post-feeding.

Fifty percent of the mosquitoes that fed on a viremic mouse circulating 5.5
logl0TCID 5 0/ml of LAC virus became infected (Table 6). Tn contrast, of those
mosquitoes ingesting a meal containing 6.0 to 6.5 lOglO TCIP 50 /ml of a frozen mouse
brain virus preparation, only 3% (1/38) became infected. Those mosquitoes
engorging an artificial meal containing either cell culture supernatant virus or
infected cells had 30% (12/40) and 49% (17/35) infection rates respectively.
Interestingly those mosquitoes ingesting the unfrozen virus preparations had
higher disseminated infection rates than those mosquitoes feeding on the viremic
TO ote.

VI. Discussion

The use of unfrozen cell-associated dengue virus bloodmeal preparations would
seem to be a satisfactory substitute for a Airemic host for mosquito infection
studies. Depending on the virus titer in the cell cultures, oral infection rates
of up to 100% (Table 4) were obtained. In previous dengie-2 studies using frozen
stock virus preparations, we were only able to infect a very small percentage of
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the engorging mosquitoes. The basis for the enhanced infectivity of the unfrozen
virus strains is as yet undetermined, but since the phenomenom was also observed
with a Bunyavirus, it may be applicable to other enveloped viruses.

The S-i vaccine seemed to be markedly less efficient than the parent PR-159
strain in interactions with potential vector species. The S-i vaccine replicated
more slowly than the PR-159 strain after intrathoracic inoculation (Table 1); it
was considerably less efficient in oral infection of vectors (Table 2 and 3); it
was considerably less efficient in developing a disseminated infection (Table 3);
and when disseminated infection did occur, it was later than that for the PR-159
strain. The S-i vaccine strain was also less efficiently transmitted than the
parent strain (Table 4). Thus, the S-I vaccine strain attenuated for humans would
also seem to be modified in its ability to interact with the colonized vector
mosquitoes used in these studies. In fact, the experimental design of this
research undoubtedly lessened real differences between the S-i vaccine and the PR-
159 parent strains. The blood meal preparations titered approximately 5.5 to 7.5
log81 TCID 50 /ml for both virus strains. While such viremia titers would be
expected for wild type dengue-2 virus, the S-I vaccine virus produces a barely
detectable viremia. Thus, it would be unlikely that 1) if a mosquito engorged it
would become infected, 2) if a mosquito became infected it would develop a
disseminated infection, and 3) if a mosquito developed a disseminated infection it
would be capable of orally transmitting the virus.

However, it must be emphasized that the majority of these observations were
made using highly laboratory adapted strains of mosquitoes. Since genetic
variability in vector competence of Ae. aegypti and Ae. albopictus populations has
been demonstrated (Gubler and Rosen, 1976, Gubler et. al., 1979), similar studies
should be conducted with selected, epidemiologically significant geographic
strains of these mosquitoes. In addition, oral transmission studies have not yet
been done with Ae. aegypti mosquitoes. While it would seem likely that differences
in transmission capability for the parent and vaccine strains would exist between
Ae. aegypti and Ae. albopictus, such Studies are, nonetheless, indicated.

On the basis of these preliminary studies, the S-i vaccine strain would seem
to be sufficiently modified (in its ability to infect and to be transmitted by
vector mosquitoes) to preclude secondary infections as a result of mosquitoes
becoming infected by feeding on recent vaccinees. Since dissemination of S-i
infection in Ae. albopictus was not detected until 19 davs post engorgement, in the
unlikely event that a mosquito became infected, it would probably die before it was
capable of transmission. The question of vaccine reversion to virulence remains to
be answered.

VII Conclusions

1. The unfrozen. cp1l-associatpd viri. preparntion is a satisfactory
technique for oral infection of mosquitnps with low passage or attenuated vaccine
strains of dengue-2 virus.

2. The S-I candidate vaccine dengue-2 viris was leqs efficient than the PR-
159 parent virus in the following n-ctor-viris interactions:

a) Replication in intrathoracically infected mosquitoes.
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b) Oral infection of vector mosquitoes.

c) Dissemination of infection from vector midgut cellq and infectinn
of secondary target organs.

d) Oral transmission by the vector.
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Table 1. Infection rates of Aedes aegypti (SDO) mosquitoes
inoculated with dengue 2 parent and vaccine viruses.

Deugue 2 virus

Virus dilution Incubation Parent (M)8 Vaccine (%)b
inoculated period (days)

!no 7 11/12c ( 92) 3/12 ( 25)

In-t 7 7/t0 ( 70) 411. ( 33)

In- 2  7 f/12 (50) 6/10 (60)

10- 3  7 8/12 ( 67) 1/17 (8)

Total 32/46 ( 70) 14/46 (30)

Ino 14 14/15 (93) 15115 (100)

10- 1  14 R/8 (100) 15/15 (100)

10-2 14 15/15 (100)

tO- 3  14 16/16 (100) 4/5 (80)

Total 38/39 (97) 49/50 (98)

a 6.3 loglo TCIDso/mnl lAO dilution.

b 7.0 loglO TCID50 /ml 100 dilution.

C No. positive over number tested by IF.
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Table 2. Infection rates of mosquitoes fed on dengue 2
parent and vaccine viruses.a

Dengue 2 virus

Mosquito species (strain) Parent (%)b Vaccine ()c

Aedes aegypti 7/15 ( 4 7)d 8/26 (31)
(Santo Domingo)

Aedes aegypti 8/9 (89) 11/22 (50)
(New Orleans)

Total Aedes aegypti 15/24 (63) 19/48 (40)

Aedes albopictus 10/34 ( 29) 1/26 C4)
(Jakarta)

Aedes albopictus 5/5 (100) 9/16 (56)
(Oahu)

Total Aedes albopictus 15/39 ( 38) 10/42 (24)

Total Ae. aegypti
incl. Ae. albopictus 30/63 (48) 29/90 (32)

8Mosquitoes were fed a suspension of infected C6 /36 cells, washed
human red blood cells, calf serum and sucrose.

b5.5-6.3 loglo TCID 5 0/ml.

C5.5-7.0 loglo TCID50 /ml.

dNumber positive/number tested by IF.
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Table 3. Infection rates of Aedes albopictus (OAHU) mosquitoes fed
on dengue 2 parent and vaccine viruses.a

S Dengue 2 virus
xxtrinsic Parenth Vaccinec

incubation (days)

3 it4/10 (1/1O)d 0/1o (0/tO)
*12 4/t0 (0/10) 0/t0 (0/t0)

13 1/10 (0/10) 0/to (0/to)

14 5/10 (0/1a) 1/to (0/10)

15 7/9 (3/9) 1/10 (0/t0)

19 8/9 (6/9) 2/10 (1/to)

20 7/10 (6/to) 2/10 (1/1)

21 7/8 (5/8) 4/to (11/to

22 R- - /to (3/to)

Total ()43/76 21/43 18/90 (VIA
(57) (49) (20) (33)

a Mosquitoes were fed a sus pension of infected Aedes albopictus cells (clone
C6/36)9 washed human red blood cells, csilf Perw'm Ard ft""rrose.

c 6.3 logjo TCID50/ml.

d No. positive by IF over no. tested. Ratio in parenthesis reflects virus
antigen disseminated to head tissues.



Table 4. Infection and transmission rates for Aedes albovictus
(OAHU) orally inifected with dengue 2

parent and vaccine viruses.8

Dengue 2 viruab

Parent Vaccine

No. mosquitoes exposed 20 29

No. infected M) 20 (100) 16 (55)

No. transmitting'- (1) 15 ( 75) 9 (56)

* 8Extrinsic incubation period was 21-24 days.

* bEach blood meal contained 7.3 loglo TCID50/ml post-feeding.

* Cm vitro transminsion technique mf Aitl'en, !977.
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Table 6. Infection rates of Aedes triseriatus mosquitoes
fed on various La Crosse virus preparations.

Infection rate (%)a

Nealb Titerc  Gut Disseminatede

Frozen virusd 6.0-6.5 1/38 ( 3) 1/38 ( 3)

cell culture 5.5-6.3 12/40 (30) 8/40 (20)
supernatant

cells & supernatant 6.0-6.8 17/35 (49) 10/35 (29)

viremic suckling mice 5.5 8/16 (50) 1/16 (6)

a No. positive over no. tested for viral antigen by FA after 14 days extrinsic
incubation.

Meals consisted of virus preparations, washed human red blood cells, calf
serum and sucrose.

c LogIo TCIDs0 /ml.

d Suckling mouse brain preparation; also ,ised to infect BHK-21 cells and inoculate
suckling mice for viremi.c meal.

e Virus antigen detected by PA in head tissues.
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